1. Introduction
===============

Presently, population aging is occurring as a global phenomenon. In most nations, the fastest-growing age group is 80 and over ([@b1-epj-07-1549]). In Iran, 8.2% of the population is over 65 ([@b2-epj-07-1549]). Research related to the oldest members of the population poses serious challenges because of the prevalence of health problems and sensory impairments. The issues include functional disability, frailty, and fatigue, all of which make the assessment of cognitive, occupational, and social functioning problematic ([@b3-epj-07-1549]). Advancing age is the most significant risk factor for dementia ([@b4-epj-07-1549]). Dementia is associated with increased mortality in institutionalized older adults. The prevalence of dementia in industrialized countries has been estimated to be in the range of 4 to 8% among people over 65 ([@b5-epj-07-1549]). The most common cause of dementia in elderly people is Alzheimer's disease (AD), which contributes to about 60 to 70% of all cases of dementia ([@b1-epj-07-1549]). Alzheimer's disease is a neurodegenerative disorder that causes deterioration of cognitive functions, including memory, language, agnosia, attention, apraxia, executive functions, and orientation ([@b6-epj-07-1549]). This catastrophic illness has resulted in significant increases in the cost of healthcare ([@b7-epj-07-1549]). Current evidence shows that there is an inverse association between educational level and the risk of AD or dementia ([@b1-epj-07-1549], [@b8-epj-07-1549]).

Early detection and screening have become accepted approaches for identifying dementia ([@b9-epj-07-1549]). However, most neuropsychological screening tests often are developed for the literate population and, therefore, include literacy-dependent items ([@b6-epj-07-1549], [@b10-epj-07-1549]). A considerable segment of the elderly population in Iran is illiterate, and very few people have a formal education. Many of these people are able to read, but they cannot write. Generally, 97% of rural women have had little or no education due to the fact that education has not been considered to be useful for women in their later life ([@b11-epj-07-1549], [@b12-epj-07-1549]). This illiteracy in Iran will continue at least for the next 10 to 30 years or longer, so it seems that the available neuropsychological screening tests will not be useful for detecting dementia in a large segment of the population. Thus, there is a pressing need to develop tools that can be used to assess dementia in illiterate elderly people ([@b13-epj-07-1549], [@b14-epj-07-1549]). The first author has 15 years of professional experience with cognitive disorders, including dementia among Iran's elderly population of which more than 70% are illiterate. In this experience, many shortcomings have been observed, including defective measurement tools that provide unreliable diagnoses of cognitive impairment in illiterate people or people who have low levels of education. Some of the measurement tools have been found to be defective even when used to assess educated people who have different cultures and life routines ([@b15-epj-07-1549]). Thus, we developed the PEACE assay with the aim of detecting different cognitive aspects in both illiterate and literate elderly people. Other aims of this study were to validate PEACE for Iran's elderly people and to develop cut-off points for PEACE so that it can be used to identify those who have Alzheimer's disease and those who do not. This questionnaire might be applicable to Iran's neighboring countries, eastern Mediterranean countries, and possibly other developing countries throughout the world.

2. Material and Methods
=======================

2.1. PEACE Assay
----------------

This neuropsychological instrument was proposed to assess the cognitive efficiency of both illiterate and literate elderly people. In order to design some of the cognitive aspects of this assay, we considered other prevalent neuropsychological instruments, such as the General Practitioner assessment of Cognition (GPCOG), Functional Assessment Staging (FAST), Mini Mental State Examination (MMSE), and the Wechsler Memory scale. This scale has been developed by Maryam Noroozian, Professor of Neurology who is an expert in dementia in Iran. Based on her experiences on the impact of illiteracy on the routine assessment scales especially in developing societies like Iran, most of the scales like ADAS COG, MoCA, MMSE and even Clock Drawing Test (CDT) may induce false positive results in uneducated or law-educated subjects. Moreover, some of the other domains and subtests of PEACE were based on the clinical proficiencies of one of the authors and the culture of the society. Actually, PEACE is a Persian questionnaire that was developed from a mixture of prevalent neuropsychological questionnaires and Iranian culture. Before starting a validation study, the administration of the PEACE was determined in a separate pilot study, and its scores were rectified.

PEACE was presented in Persian and there was no time limitation for the assay. In a silent environment, this questionnaire was completed by a trained interviewer who was not informed about the groups. The questionnaire consists of 14 items, each representing a specific cognitive function, i.e., Orientation, Praxis, Attention and Concentration, Attention and Calculation, Memory, Similarity, Abstract Thinking, General Information, Language, Judgment, Gnosis, Planning (Sequencing), Problem Solving, and Animal Naming.

2.2. MMSE Assay
---------------

The MMSE is a neurocognitive test designed to screen cognitive impairment. It measures orientation, registration, attention, recall, language, and visuospatial functions. Its scores range from 0 to 30: the higher scores indicate better cognition, and scores below 25 indicate cognitive impairment. It can be administered in 5--10 minutes. The MMSE was validated for use with the elderly Iranian population ([@b16-epj-07-1549]).

2.3. FAST Assay
---------------

Functional Assessment Staging (FAST) is used to assess the stage of dementia of a person with Alzheimer's disease and is designed to evaluate participants at the moderate-to-severe stages of dementia when the MMSE no longer can reflect changes in a clinically meaningful way. It focuses more on an individual's level of functioning and the activities of daily living versus cognitive decline, and it has seven stages ([@b16-epj-07-1549]).

2.4. Participants
-----------------

The study protocol was approved by the Research Ethics Committee of Tehran University of Medical Sciences, and all participants and their companions were given explanations of the research before it began. All participants who freely agreed to participate in the study signed a free and informed consent statement. The World Health Organization (WHO) defines elderly people in developing countries as those whose ages are equal to or greater than 60. In our study, there were 101 participants whose ages were greater than 60, who spoke Persian, and had different educational levels, i.e., from illiterate to literate. The participants were recruited from Private medical centers and governmental Medical Center of Memory Disorders Investigation and interviewed during 2013 and 2014. The exclusion criteria were a known history of neurological and psychological disease, head trauma, stroke, epilepsy, or any other physical illness that affected cognitive functions; visual or hearing difficulties that would interfere with the testing procedure; FAST stage above a score of 6; and motor impairment that could affect the test scores. The participants were classified into three distinct groups:

1.  Control group: The participants in this group had no cognitive complaints or any history of neurological and psychiatric disorders. They were not taking any medication that might have affected their cognitive status and mood.

2.  Mild Cognitive Impairment (MCI) group: These participants had mild cognitive impairment.

3.  Alzheimer's group: These participants had dementia that had been diagnosed by a neurologist based on the criteria of the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) ([@b17-epj-07-1549]) and according to the criteria established by the National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and Related Disorders Association (NINCS-ADRDA) ([@b18-epj-07-1549]).

The participants in each group were divided according to their educational level, as follows: 1) Illiterate (not being able to read and write), 2) Semi-literate (elementary school), and 3) Literate (higher than elementary school). The participants' degree of literacy was based on whether they could read and write. If the cognitive change was due to the progression of Alzheimer's disease and the participants were diagnosed with dementia, the FAST assay was performed by a research assistant, and then we performed PEACE and MMSE assays in all of the groups. The reliability and constancy of the PEACE assay was confirmed by Cronbach's alpha.

2.5. Statistical analyses
-------------------------

Statistical significance was determined using SPSS software version 19 (SPSS, Inc., Chicago, IL, USA). To assess the ability of the PEACE assay to screen dementia, separate receiver operating characteristics (ROC) curves were plotted and defined as the scores that led to the maximal accuracy of classification of participants and non-patient participants. To measure the reliability of the test-retest, we assessed the intra-class correlation coefficient (Cronbach's alpha) and the extra-class correlation coefficient for the baseline and the four-week follow-up PEACE scores. For non-parametric data, the f--Wallis test was used, when appropriate, and it was followed by the Mann--Whitney U test when a significant difference was found. For the parametric data, we used analysis of variance (ANOVA) for multiple comparisons, followed by the post hoc Tukey-Kramertest. A significance level of p \< 0.05 was used in all cases.

3. Results
==========

A value of Cronbach's alpha above 0.7 indicated that the PEACE questionnaire has reliable and dependable. In our study, Cronbach's alpha for the PEACE scores was 0.876, and the deletion of each question from the questionnaire showed a Cronbach's alpha above 0.7. Test--retest reliability data were collected from 40 participants at four-week intervals. The extra-class correlation coefficient between the baseline scores and the follow-up was 0.928 (p\< 0.05). A good positive correlation existed between PEACE and MMSE (r = 0.78; p\< 0.001).

[Table 1](#t1-epj-07-1549){ref-type="table"} presents the age and gender information for each group. This study was conducted on 33 control participants, 30 MCI participants, and 38 Alzheimer's participants. Among the females, 24.75% had Alzheimer's disease, but only 7.92% of the males were so afflicted. The comparison of the demographic variables for age showed a significant difference (p=0.001) between Participants with Alzheimer's disease (74.60 ± 8.02) and control participants (67.84 ± 7.29); also, there was a significant difference (p=0.034) between the MCI group (72.5 ± 7.2) and the control group. There was no difference between the ages of the MCI and Alzheimer's groups. The mean ages of the illiterate people in the MCI group (73.5 ± 8.15; p=0.021) and in the Alzheimer's group (78.18 ± 4.51; p=0.0000) were different from that of the illiterate people in the control group (65.7 ± 4.52). The mean ages of semi-literate Participants with Alzheimer's disease (77.5 ± 6.97; p=0.003) and of the semi-literate participants in the MCI group (76 ± 2; p=0.01) were greater than the mean age of the semi-illiterate participants in the control group (65.16 ± 4.83).In this regard, there was no significant difference between the literate participants in any of the groups. [Table 1](#t1-epj-07-1549){ref-type="table"} gives the mean scores of the PEACE and MMSE tests. In order to examine the main effects and the interactive effects of the groups on the PEACE and the MMSE scores, multi-way ANOVA was conducted. For the MMSE scores, the analysis of variance (ANOVA) showed that there was a significant difference (p=0.0000) between Participants with Alzheimer's disease (16.93 ± 6.03) with people in the control group (25.86±4.49) and in the MCI group (23.03±4.20). All educational levels of Participants with Alzheimer's disease had significant differences (p\<0.05) between their MMSE scores and those of the control group. For PEACE scores, this analysis showed that Participants with Alzheimer's disease (57 ± 16.51) were significantly (p=0.003) different from the control group (82.65 ± 7.15) and the MCI group (75.76 ± 11.48).

The comparison of PEACE scores for all educational levels in each group showed that there was no difference (p=0.172) between illiterate (53.09 ± 12.98) and literate (60.81 ± 17.80) participants in the Alzheimer's group; in the control group, there was a significant difference (p=0.0000) between the illiterate participants (72.8 ± 6.01) and the literate participants (87.02 ± 1.89). In addition, the literate participants (83.7 ± 4.47; p=0.0000) in the MCI group had a higher score than the illiterate participants (60.75 ± 6.27). The mean scores of PEACE for semi-literate participants in the MCI group (72.8 ± 8.78; p=0.031) and for semi-literate participants in the Alzheimer's group (54 ± 19.15; p=0.0000) were different from the score of the semi-literate participants in the control group (83.08 ± 4.49). The mean score of PEACE in the illiterate Participants with Alzheimer's disease (53.09 ± 12.98; p=0.004) was less than that for the participants in the control group (72.8 ± 6.01). In addition, the mean score of PEACE in the literate Participants with Alzheimer's disease (60.81 ± 17.80; p=0.0000) was significantly different from that of participants in the control group (87.02 ± 1.89; p=0.0000); however, there was no difference between the mean score of the literate participants in the MCI group (83.70 ± 4.47; p=0.56) and the mean score of literate participants in the control group.

Analysis of PEACE sub-domains showed that Participants with Alzheimer's disease and participants in the control group were significantly different (p\<0.05); the comparison of all educational levels in each group for these sub-domains indicated that the illiterate and literate participants were not significantly different. The mean ages of illiterate participants (72.58 ± 7.74), semi-literate participants (72.70 ± 7.53), and literate participants (70.43 ± 8.25) were not different. Females comprised 65.51% of the illiterate participants, 70.5% of the semi-literate participants, and 54.54% of the literate participants. ROC curves were plotted to indicate how well the PEACE subtest scores identified the status of dementia. The cut-off point ([Figure 1](#f1-epj-07-1549){ref-type="fig"}) for detection of Participants with Alzheimer's disease and Participants without Alzheimer's disease was 67.5 (sensitivity: 75.8%; specificity: 97.4%; area under the ROC curves (AUC): 0.88). This indicates that 2.4% of non-Alzheimer's participants and 75.8% of Alzheimer's participants were above the cut-off point; so PEACE can discriminate between Participants with Alzheimer's disease from Participants without Alzheimer's disease in 96.2% of the cases.

4. Discussion
=============

Advancing age is associated with an overall increased risk for dementia ([@b4-epj-07-1549]), and there is a need for detection and management of this condition ([@b19-epj-07-1549]). Most neuropsychological tests are influenced by age, education, and cultural differences ([@b6-epj-07-1549]).The MMSE, a widely-used dementia screening instrument, is affected strongly by the subject's literacy level and education. Researchers have suggested that countries with low educational levels need instruments tailored to their own environment that can be used to test for cognitive ability ([@b13-epj-07-1549]). In the absence of appropriate neuropsychological batteries for illiterate people, neuropsychological evaluation may present major difficulties, including misdiagnosis and/or delayed detection of dementia in these populations; in addition, the diagnosis often is quite challenging ([@b6-epj-07-1549]). The presence of a huge number of illiterate participants (at least for the next 10 to 30 years) and elderly people in Iran led us to introduce the PEACE test, which can be used for both illiterate and literate participants in assessing cognitive impairments in elderly people. The positive correlation between PEACE and MMSE that was shown in this study indicates that the PEACE test could be used advantageously when accompanied by adequate concurrent validity for the detection of Alzheimer's disease since the cut-off point of this test was 67.5. The results for the PEACE assay in this study showed strong, concurrent validity, diagnostic validity, and test--retest reliability. We excluded participants with advanced Alzheimer's disease, because they were not difficult to identify; so, participants with mild-to-moderate Alzheimer's disease participated in this study, and the results of the PEACE test showed that Participants with Alzheimer's disease were significantly different from the control and MCI participants. The PEACE test differentiated between Participants with Alzheimer's disease and control participants at different educational levels, but it was unable to differentiate between literate and illiterate participants in the MCI group from those in the control group. While there was no difference between the illiterate and literate participants in the Alzheimer group, there was a significant difference between these two categories of participants in the control group and the MCI group.

Memory loss is a natural part of aging. As people age, it is normal for them to have occasional memory problems, such as forgetting the name of a person they recently met. Memory loss that is not a normal part of aging is called dementia. Alzheimer's disease is the most common form of dementia ([@b20-epj-07-1549]).Lack of education is a major risk factor for developing dementia. The prevalence of dementia is about 16% among illiterates, while the percentage is 7% among literates. Elderly people with low levels of literacy have a steeper decline in both immediate and delayed recall of a list of words overtime than elderly people with higher literacy levels. Literacy skills are protective against declining memory among elderly people who do not have dementia ([@b15-epj-07-1549]). Literate individuals were postulated to possess a reserve factor that acted to delay or ameliorate the impairments of intellect and functioning that accompany neurodegenerative conditions ([@b21-epj-07-1549]). They could cope with advanced pathologic changes of the disease more effectively by maintaining function longer ([@b22-epj-07-1549]) and compensate for pathology through more efficient use of existing cognitive networks or recruitment of alternate networks ([@b23-epj-07-1549]--[@b25-epj-07-1549]). Due to lack of a logical relationship, we cannot claim that Alzheimer's disease is exacerbated by illiteracy; however, the results of the study do indicate that higher educational levels impede the adverse effects of Alzheimer's disease, which means that educational level modulates the scores on the PEACE test. In this study, literate and illiterate participants in the control group and in the MCI group were significantly different, and literate participants scored higher marks on the PEACE test, indicating that the PEACE assay was influenced by educational level. However, illiterate and literate participants in the Alzheimer's group did not get different scores on the PEACE test, indicating that the PEACE assay can be used with both literate and illiterate individuals. Diagnosing illiterate people in the absence of appropriate neuropsychological batteries for them presents major difficulties in conducting their neuropsychological evaluations, including misdiagnosis and/or delayed detection of dementia. Illiteracy and low levels of education are associated with both the increased risk of dementia and its misdiagnosis ([@b6-epj-07-1549]). So, the results of this study indicated that the PEACE instrument can make the challenge of correctly evaluating illiterate people somewhat less onerous.

We determined the cut-off point of the PEACE test for Alzheimer's participants. There was no significant difference between MCI participants and control participants, so we did not determine the cut-off point for the MCI group. Due to numerous questions in the PEACE test, this assay was more advantageous than others in which the difference between Participants with Alzheimer's disease and Participants without Alzheimer's disease is not obvious. The shortcomings of this study were its small sample size and the lack of an examination of the validity of the constructs for the sub-domains of the PEACE test. Also, the numerous questions in the PEACE test caused the participants to become tired.

5. Conclusions
==============

There is a lack of validated instruments with adjustment of cut-points, translations, and replacements of culture-specific items. It is also difficult for professionals to communicate with people from different cultural backgrounds, especially if the client does not speak the same language. So, there is a risk of over-diagnosing dementia. The PEACE test addresses the limitations of existing tests and is appropriate for use in countries with a high illiteracy rate. It is a valid screening battery for detection of dementia in both illiterate and literate participants.
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###### 

Mean scores of tests and demographic data

  Variables     Control group   MCI group   Alzheimer group                                                                           
  ------------- --------------- ----------- ----------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
  Age           Mean            65.7        65.17             69.55   67.84   73.5    76.0    71.0    72.5    78.18   77.5    71.06   74.61
  SD            4.52            4.83        8.49              7.29    8.16    2       7.57    7.21    4.51    6.98    9.02    8.02    
  Gender        F/M             5/5         4/2               11/11   20/18   4/4     3/2     9/8     16/14   10/1    5/1     10/6    25/8
  \%            50/50           67/33       50/50             53/47   50/50   60/40   53/47   53/47   91/9    83/17   62/38   76/24   
  PEACE Score   MEAN            72.8        83.08             87.02   82.66   60.75   72.8    83.71   75.77   53.09   54.0    60.81   57.0
  SD            6.01            4.50        1.89              7.15    6.27    8.79    4.47    11.48   12.98   19.15   17.81   16.52   
  MMSE Score    MEAN            20.6        24.0              28.77   25.87   18.75   19.0    26.23   23.03   12.64   15.17   20.56   16.94
  SD            1.43            6.32        1.48              4.50    1.75    2.55    1.99    4.21    3.78    4.40    5.73    6.03    
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